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Mandibular resting postiare is the positional expression of
cranial-facial morphology and the myotatic reflex of its contiguous
musculature (Thompson, Perry, Brodie, Sicher).
Electrical potentials are elicited from the contraction of mandibu
lar elevators and are in turn recordable through instrumentation (Bas-
mazian. Perry, Jarabak).
It can be shown that muscular activity can be modified by sensory
reception. It would be predicted that alterations in stimvili to recptors
within the periodontal ligaments, mucocutaneous tissues, muscles and
temporomandibtilar joints would influence muscle behavior of the sto-
matognathic complex.
Mandibular resting posture is reflexly influenced by stretch re
ceptors within the muscles and end organs of a propriorecptive capacity.
If muscle behavior is influenced by sensory imptilses, reflex mechanisms
should effect the type and magnitude of the response.
The physiologic unit of muscular activity is the motor unit consis
ting of a motor neuron, its axon process, and the muscle fibers which it
innervates. The contraction force is relative to the number of motor
units contracting at one time (Sherrington, 1925). As the muscle con
tracts some of the energy elicited is expressed as electrical discharges
termed action potentials. This electrical activity can be transmitted,
amplified, and recorded by electronic apparatus for measurement and
evaluation as a reflection of number and pattern of functional activity
and integrity of the complex (Wiggers, 1946; Weyers, 1949; Pruzansky,
1951).
STATEMENT OF THE PROBLEM
Alteration of sensory input in a myotatic reflex system theoretic
ally should resxalt in changes or alteration in motor response. French
(1964) demonstrated such a relationship by interproximal shimming
between two teeth in the mandibular arch and subjectively comparing
pre and post shimming electromyograms. He further described an
enhancement effect as a post interference phenomena. This was an
amplitude increase noted from all muscles under observation during
centric occlusion and cyclic procedures of chewing and was observed
immediately following the removal of either a shim or onlay.
The purpose of this study is to examine the above observed phe
nomena and to attempt to block its ejq)ression via mandibular nerve
ane sthesia.
CHAPTER II
REVIEW OF THE LITERATURE
Piper (1907) and Buchanan (1908) were the first to describe the
bioelectric phenomena resulting from contraction of voluntary muscle.
A brief consideration of the neuromuscular mechanism is necessary
in order to better understand the masticatory process. The importance
of proprioceptors in the reflex and functional movements of the mandible
has been demonstrated by Sherrington (1917). Sherrington gave the
following description of the chewing act.
On the mouth* s seizing a morsel the mandible, when
it has closed, e.g., voluntarily, upon whatever is between
the jaws, pressing it against the gums and teeth and hard
palate, by so doing, the reflex, produces a stimulus which
tends reflexly to reopen the jaws. That done the central
rebound of the previously reflexly inhibited jaw--closing
muscles, or rather their motor neurons, for the inhibition
is central, sets in and tends to powerfully reclose the jaws
again. The redo sure brings into operation once again the
jaw opening stimulus. And so after being started by a first
bite, a rhythmic masticatory reflex tends to keep itself
going so long as there is something biteable between the
jaws.
Adrian and Bronk (1926) studied the frequency response of volun
tary muscle motor units and that in a muscle completely relaxed no
measurable electrical activity was noted. They also found that complete
relaxation of all the elevators was impossible in the conscious person
even when the mandible was at rest position because activity or "tonus"
was present to negate the gravitational effect. While this activity is of
low amplitude, it is recordable and is present as the baseline activity
elicited from the muscles involved during his observations and recording.
In addition Corbin and Harrison (1940) demonstrated that the
alveolar and palatine nerves carried afferent mesencephalic root fibers.
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The impulses initiating from the proprioceptive stimuli were part of the
protective "feedback" cycle of the mandibular nerve and helped prevent
or depress damage to the oral and masticatory structure during the pro
cess of mastication. These movements are in turn coordinated via
neuronal transmission of impulses through masticatory nerves. They
make up the afferent limbs of the intricate reflex arcs responsible in
mastication.
Sicher (1949) emphasized the mechanism of chewing was adapt
able and analogized mastication and walking in the following statement.
The masticatory movements of the lower jaw are auto
matic movements which occur under considerable force and
under some contact of two rows of teeth. Like other auto
matic movements, they are characterized by great stability
in each individual which, however does not preclude a con
siderable adaptability.
He states further that there is an automation of mastication which re
flects the human pattern, there may be variation in details of these
movements relative to individuals dependent upon shape and position of
jaws and teeth. With reference to automaticity and adaptability he enter-
prets it thusly:
Once established as an automatic series of movements,
their pattern is maintained quite persistently. And still,
loss of teeth as changes in their position are followed by a
rather rapid adaptation of the movements in order to achieve
maximum effect with minimum effort; that is, with the least
waste of muscular energy.
Dr. Robert Moyers (1949) initiated electromyography as a tool
in the field of dentistry. He studied the behavior of the temporal and
masseter muscles in Class II, Division I malocclusions and demonstrated
that none of these cases elicited action potentials in the presence of this
abnormality.
Schwartz, et. al. (1949) described electromyography as an inter-
pretive device and made the observation when pen writing records of
amplitude are compared they are indices only rather than absolute quan
titative values of common determination.
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Moyers reported a technique of recording and analyzing muscular
activity of the muscles of the temporomandibular articulationo In 1949
he concluded that the electromyographic findings on 16 patients exhibit
ing Class II, Division I malocelusion failed to demonstrate a normal
spike potential. His conclusion was that the spike potential is alterable
by orthodontic treatment and that aberrant muscle function patterns may
result from malocclusion of the teeth as reflected in the myographic
tracing.
In his 1950 study, Moyers labelled specific functional roles to
the temporomandibular musculature and in doing so explained that the
temporomandibular joint is rarely injured in function due to protective
reflex actions of neuromuscular activity.
Moyers (1950) described the electromyographic analysis of the
normal temporomandibular musculature in various functional movements.
Because of his observations he assigned the functional responsibility to
specific components of the mandibular elevators and depressors. He
determined the interaction of these components to produce a specific
movement.
Carlsoo (1952) in a similar study listed the primary closing and
postural muscle to be the temporalis, while the masseter, less active
in closing, had greater activity in cutting movements. His conclusion
was that the innervation patterns for the muscular action of biting are
relatively constant and changing the biting position or function is not
possible without a complicated and systematic training procedure which
would alter this activity.
Pruzansky (1952) reviewed the principles of electromyography
and listed the types of recording equipment in contemporary use. He
listed areas of promise for electromyography in the dental field and
presented preliminary electromyographic findings on neuromuscular
lesions which referenced the masticatory musculature.
Carlson (1952) included electromyographic analysis of the activ
ity of the mandibular elevators in a monograph of the '^Nervous
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Coordination and Mechanical Function of the Mandibular Elevator So "
The data was obtained through the use of a string oscillograph and
camera using concentric needle electrodes. His findings regarding the
temporal muscles were that they functioned primarily in closing from
rest to occlusion, and they appeared to be responsible for maintaining
mandibular posture or rest position. His analysis of the temporal mus
cle into two functional portions, a ventral (anterior) and dorsal (poster
ior), The ventral portion was most active in rotational movements and
the dorsal portion in lateral movements.
MacDougall and Andrews (1953) in an electromyographic study
of the temporal and masseter muscles found that in twelve subjects
that upon incision the activity centered over the masseter, while upon
occlusion the activity was more or less equal over the masseter and
temporal muscles. In protraction considerable action was noted in
masseter, and that retraction against resistance caused activity on the
posterior fibers of the temporal muscle.
Authors dealing with electromyographic studies of temporal and
masseter activity in both normal and maloccluded individuals included:
Pruzansky (1952, 1958, I960), Geltzer (1953), MacDougall and Andrew
(1953), Curby(l953), Jarabak (1954, 1956, 1957), Perry (1955), Hickie
(1957), Latif (1957), Ramfjord (i960, 1961), Grossman (1961). It be
came obvious that further research concerning the adaptability of these
muscles to measured proprioceptive disturbances was necessary.
Pruzansky (1952) noted the behavior of the temporal and masseter
muscles could be correlated with the efficiency of the mastication com
plex and that the synergistic movement of these muscles changed with
the efficiency of the masticatory apparatus.
Using a frequency counter, Curby (1953) showed a linear corre
lation between action potentials and contraction forces with which they
were compared.
7
Using a known inter-occlusal force, Geltzer (1953) quantitated
temporalis muscle action which was divided into three functional com
ponents, an anterior, middle and posterior belly. Dental electro-
myography for quantitative evaluation was therefore utilized.
MacDougall and Andrew (1953) found that there was an inter
action of the masseter and temporal muscles in different movements
and theorized a protective function to the temporalis when abnormal
movements were involved.
Jarabak in 19 54 discussed the feedback of the reflex arc by the
sensory fibers to the "motor unit. " The muscles of mastication have
an accessory feedback mechanism due to proprioception in the perio-
dontal ligament, this passes through the mesencephalic nucleus and
forms a reflex arc and may go to higher brain centers.
Subjects with Class II, Division I malocclusions were compared
with normals. Perry (1955) showed the initiator of mandibular closure
to be the temporalis in normal subjects while those with malocclusions
showed no one muscle as initiating the beginning of the chewing cycle.
In the maloccluded group there was little synchrony of the muscles in
contraction. Harmony and correlation of muscle activityj he wrote,
resulted from a normal cusp and inclined plane relation.
In the first study of its kind, Zwemer (1955) compared five sub
jects with clefts of the hard palate who were wearing complete maxillary
appliances over the remaining natural dentitions with five normal patients.
Both the amplitude and frequency of the myograms were analyzed.
Temporalis muscle activity exceeded that cE the masseter. In the
patients with maxillary prosthesis a greater proportional participation
of the masseter was noted. He felt the measurement of amplitude was
more important than frequency. Increased action potentials were noted
in the temporal and niasseter muscles after extreme mouth opening.
This activity was felt to be a protective or splinting action of the muscle
in protecting the temporomandibular articulation from trauma.
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Jarabak (1956) studied 18 patients with abnormal occlusion and
temporomandibular joint disturbancCo He postulated that prematurities
can transmit stimuli through the proprioception of the periodontal liga
ments to elicit a pattern of neuromuscular activity which tries to cir
cumvent occlusal interference.
Hickie (1957) stated that the EMG does not indicate muscle move
ment but merely an increase or decrease of electrical activity as an
index of muscular activity. Myograms can be recorded for both iso
metric and isotonic contractions,
Latif (1957) studied 25 children with normal faces and demon
strated the posterior fibers of the temporalis muscle to be hypertonic
at resting tonus as compared to the middle and anterior fibers. This
presented their function as the primary postural agent of the mandible.
Pruzansky (1958) quantitated the energy liberated in muscle
activity and demonstrated a circuit into the electromyograph which he
called an integrating circuit and with which he measured the action
potentials in watt seconds, or amperes (current of one volt across a
resistance of one ohm),
Ramfjord (1959) studied 32 patients with temporomandibular
joint pain which extended over a period of three years. Occlusal adjust
ment resulted in relief for all patients, this was evaluated electromyo-
graphically. He found the most consistent pain producing factor to be
the difference between centric occlusion and centric relation (the poster
ior terminal hinge). In the second study (I96I), Ramfjord evaluated
34 patients afflicted with bruxism. He postulated that when occlusal
disharmony and/or a psychic component causing tension entered the
feedback mechanism, muscle tension resulted in bruxism. He found
that relief of interference in centric occlusion to be more important than in
balancing and working side contacts. He noted that discrepancies between
centric occlusion and centric relation were the primary cause of muscle
asynchrony. While a ̂ 'slide in centric" is normal for some patients, it
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should be eliminated in bruxers. The EMG was used as an aid in detec
tion of occlusal disharmony.
Pruzansky (i960) observed that there is a distinct decrease in
masseter and temporal activity from centric occlusion to centric re
lation and while it is not possible to differentiate between Class I, II,
and III malocclusions, recording by EMG is an aid in diagnosis changes
in the muscular responses as a result of procedures which change occlu
sion. His conclusion was that the retruded position is not the natural
position for the patient generally, but can be duplicated reliably. The
intercuspal position (ideal occlusal position) is 1. 25 7^ 1 m.m. anterior
to the retruded position.
Widen (i960) noted the reaction electromyographically 24 hours
after contact disruption of tooth by separating wires and found in 16 sub
jects that half showed complete adaptation within the 24 hour period.
A Part II evaluation of the same study, Asahino (i960) electro
myographically analyzed these same patients seven days later and found
no statistical difference in temporal and masseter activity from the pre-
treatment records.
The assumption can be made from these studies that interproxi-
mal contact disruption is presumed to change occlusal relation temporar
ily between adjacent teeth and the opposing arch as detected by electro-
myographic recordings.
Porrit (i960) demonstrated symmetry of the temporal muscle
contractions result.
Grossman, et al. (I96I) said that muscle activity influences dental
arch configuration, but it is a moot question whether it could be changed
and maintained. He was not able to determine behavior of the muscles of
the lip which Moyers (1949) also observed but could be used in studying
Maxillo-Mandibular relationships. In Class 11, Division II malocclusions
15 per cent showed distal displacement of the mandible and when the
incisors were unlocked and the upper incisors were allowed to move
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forward a normal electromyographic recording resulted.
French (1964) noted an "enhancement'^ effect which was an in
creased amplitude recording from all muscles (temporalis and masseter





A Faraday cage was utilized to completely enclose the experi
mental subject and screen from external electrical waves. This cage
is composed of a wooden framework covered by a copper screen.
Within the cage a straight backed chair was placed to which was
attached a head rest used in dental procedures.
Figure 1 illustrates the Grass Model 5 polygraph which Was uti
lized to record the myograms.
Figure Z shows a patient seated in the Faraday cage with the
electrodes in place and these in turn attached to the polygraph machine.
An operator is seated at the polygraph and is supervising the recording
of the electromyograms.
Electrodes were of the surface type, silver disc, monopolar, 8
m. m. in diameter. A hole was drilled in the center of each 1 m. m. in
diameter. This enabled the injection of bentonite paste via needle and
glass syringe beneath the electrode once it had been positioned on the
skin. ̂
Bentionite paste, a native, colloidal, hydrated aluminum silicate
wa.s used as an intermediary for the conduction of electrical current
between the skin and electrode disc. This served as an excellent electro
lyte. The disc was made adherant to the skin with collodian, which is
composed of pyroxylin dissolved in ether and alcohol. The resultant
film upon drying left a glossy contractile film. A measurement of the
reduction of electrode and skin resistance may be noted in Table I.
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Figure 2, Patient seated in the Faraday cage with electrodes in
place, which are in turn attached to the polygraph.
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TABLE I
A measurement of electrode and skin resistance was undertaken
utilizing an ohm meter. The following observations were noted:
1. Skin cleansed with alcohol, ohm meter
leads pressed to skin 210,000 ohms
2. Surface electrodes adherent to skin
with collodion 120, 000 ohms
3. One electrode with bentonite paste 40, 000 ohms
4. Two electrodes with bentonite paste 32,000 ohms
5. Two electrodes with paste, one point of
skin attachment prepared by rubbing bento
nite paste into skin with eraser tip 28, 000 ohms
6. Two electrodes with paste, both points
of skin attachment prepared by rubbing in
bentonite paste with eraser tip 20, 000 ohms
Intrinsic resistance within the cir
cuitry of ohm meter itself; 15, 000 ohms
Therefore in six a net resistance of 5,000 ohms
/  -
7. Measurement of electrode lead shows
15, 000 ohms, therefore no resistance in
lead
8. Measurement of skin surface prepared
with paste and alligator clips of ohm meter
pressed tightly against skin 25 m. m. apart 17, 000 ohms
9. One-half distance of number 8 (12. 5 m, m. ) 15, 000 ohms
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TABIoE I (Concluded)
Preparation of the skin by cleansing with a suitable solvent,
for example, ether, and rubbing with bentonite paste reduced the
resistance of the skin to 5, 000 ohms or less in conformity with the
findings of Asahino (i960).
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terminal board. In addition to the four primary leads a group electrode
was attached to the ear using a woman's hair clip.
An indifferent (reference) electrode was attached to the left fore
arm. A Grass # 5P Model 5 Polygraph recorded the electrical potentials
elicited from the muscles and through the medium of an ink writing oscil
lograph records timed voltage changes. The basic flow pattern within
the polygraph is input, preamplifier (initial stages of amplification),
driver amplifier (drives moving coil galvonometer), moving coil gal-
vonment (measures the strength of an electric current), pen and paper
drive (designed to receive, magnify and record bioelectric voltages).
Basically it is an electronic device amplifying small signals.
Both the Faraday cage and the Polygraph were grounded to re
move electrical inputs of extraneous origin so that a true representation
of muscular activity could be elicited.
Polygraph sensitivity was set at 300 micro volts per centimeter
and electrodes were placed on the middle belly of the temporalis and on
the masseter as determined by the points of greatest contractile activity
as palpated during alternate clenching and relaxation. Because the
temporalis and masseter muscles lie close to the skin surface, surface
electrodes were well suited for potential determinations.
In the temporal regions it was necessary to clip the hair at the
site of electrode placement to remove as much dielectric effect as
possible. The skin was then cleansed with an ether soaked 2x2 gauze
to remove extraneous organic substance, primarily fats and fatty acids.
Bentonite paste was then rubbed into the skin producing an erythema and
reducing the resistance of electron flow between skin and electrode.
The discs were then made adherent to these areas through the
use of collodion which was dried by a compressed air flow delivered
through a surgical rubber tubing. As an additional check of Bentonite
adequacy, paste was injected through the hole drilled in the disc by a
blunt 18 gauge needle and a glass syringe, Zwemer ( 1955). The ground
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electrode was placed on the left ear lobe and an indifferent electrode
was taped into position on the medial aspect of the left forearm.
The measurement of bioelectric phenomena as portrayed by the
polygraph can then be determined in light of its five measurable con
stituents; amplitude, frequency, duration, wave form, and pattern.
Since these in toto are approximately linear due to linear expression by
the pen writer, it was felt that a device of linear measuring capacity
would be a direct technique of measxirement. Because of this the map
measurer was chosen as a measuring device. The map measurer, in
actuality, measures two specific components, amplitude and duration,
since the surface electrodes will obtain an integrated recording.
Figure 3 is a photograph of the Post's map measurer, and be
low is a description of its usage.
The map measurer is a mechanical device used to measure dis
tances accurately on maps of all types, being of specific use to archi
tects and surveyors.
In order to use the instrument the pointer is turned to 0 using
the small wheel. With a firm pressure the wheel is pressed and moved
along the line to be measured and the hand will then indicate the exact
distance measured in inches on the dial.
The polygraph EEG preamplifier was calibrated prior to each
experimental procedure with an equivalence of one millivolt to one cen
timeter and a sensitivity of 3 00 micro volts per centimeter.
rhilli - thousandth
micro - millionth
centimeter - hundredth part of a meter,
0.3937 inch or practically
2/5 inch
It may be noted that the Post's map measurer has gradations of
centimeters of unit value only, and it was concluded to use the inch scale
as it could be read to a tenth of an inch with a degree of accuracy.
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Figure 3. The mechanical device illustrated above is a Post's
map measurer which is made in Germany. It is used to measure
distances accurately on maps of all types, being of specific use to
architects and surveyors.
If a map is scaled one inch equivalent to one mile, the measure
ment of one inch on the map would in reality be one mile of actual
terrain.
The dial is calibrated in both inches and centimeters.
The inch scale was chosen as the measuring reference because
it was graduated into tenths of inches as opposed to the centimeter scales
which was graduated in units without smaller increments. The inch
scale could be measured accurately to tenths of inches.
To activate the map measurer the small wheel is turned counter
clockwise past 39 or 0 and then returned clockwise to 39 at which point
the small wheel is pressed firmly in contact with the paper and the
wheel is rolled in a clockwise direction. This activates the dial and
indicates the actual distance measured.
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Chewing Medium
The bolus used was composed of Dentyne gum. This served as
a good medium for the reasons enumerated by Karaw (1955); it was
homogeneous, samples were uniform, consistency was constant, and
it remained Compact and cohesive. The patient could be instructed to
chew on one side then the other, maintaining a consistent, single mass
upon which to occlude.
Experimental Procedure
The patient was seated comfortably in the chair with the head
resting against the dental headrest which oriented the head in the Frank
fort horizontal plane. The experimental sequence was explained to the
patient enumerating three basic stages of each sequence. A prelimi
nary series was utilized to determine the adequacy of electrode place
ment, the integrity of polygraph function, and the correct comprehen
sion of patient in following verbal directions.
Sequence of experimentation followed was:
1. Normative data - A normal resting tonus was recorded for
all muscles.
2. Activity data - The patient was then instructed to bite hard
ten times. A ten minute interval was allowed followed by a second
series of ten hard bites. This biting hard can be presumed to be cen
tric occlusion.
Figure 4 is a composite myogram (Zwemer, 1955). This is the
random selections of a complete series of experimental treatments in
the order in which they were carried out, beginning at the left; normal,
shim inserted, (.003 inch), shim removed, mandibular block, shim
inserted, then shim removed. The vertical lines illustrated the manner
in which the bursts of muscular activity were bracketed for the purpose























Figure 4, Musctilar activity, bracketed, from each treatment.
Composite myogram (Zwemer, 1955) illustrating experimental se
quence.
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taken at intervals of experimental procedure and is representative of
the Tables II through VI from which the measurements were made.
The patient then inserted the previously chewed gum bolus and
was instructed to chew three times on the right, then rolling it to the
left, three times on the left. Relaxation to resting tonus activity took
place between each contraction and between each series to allow evalu
ation of baseline activity. A second series ( B) was then run at a ten
minute interval.
Figure 5 depicts chewing three times right, three times left and
represents the observation that there was an increased amplitude on the
side of which chewing on the bolus of gum took place as compared with
the balancing side.
3. Shim data - A three thousandth shim was inserted at the
proximal contact of the second bicuspid and first molar and below the
marginal ridges to assure that it was not in the occlusal path. The
sequence for the determination of mormative data was then followed,
immediately at insertion and at suitable intervals.
4. Shim removed data - The shim was then removed and a myo-
gram recorded immediately and at intervals following the same sequence.
5. Mandibular block data - A left mandibular nerve block was
obtained by using a syringe with a disposable 2 5 gauge needle and two
cubic centimeters of Xylocaine hydrochloride, 2 per cent, with
1:1000,000 epinephrine.
Figure 6 shows anesthetized resting tonus. Mandibular block
left side with resultant decrease of amplitude and frequency.
When the block had taken complete effect, as evidenced by the
lower lip on the left side being completely numb, the sequence of normal
rest, ten times right, ten times left, A and B series, shim rest, ten
times right, ten times left, three times right, three times left, both A
and B series and shim removed, ten times right, ten times left, three




















Figure 5. Reciprocal chewing cycle. Myogram demonstrating
















Figure 6, Anesthetized resting tonus. Mandibular block left
side with resultant decrease of amplitude and frequency.
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Utilizing a random table A. 1 from the book, Principles and
Procedures of Statistics by Steel and Torrie, random numbers were
assigned each sequence of muscular activity.
After a random number has been chosen, the assigned series
for evaluation was bracketed at the origin of spike potentials for the
burst of muscular activity and at the termination when activity returned
to the baseline.
Utilizing a Post's map measurer from Germany the "bursts" of
muscular activity scribed by the pen writer as generated by bioelectrical
potentials within the brackets were measured, beginning from the nega
tive peak (those below the baseline) to the positive peak (those above
the baseline). The distance between the peaks then reflecting electri
cal activity. The wheel was lifted from the paper at the peak of each
positive spike potential and returned to the apex of each negative spike
potential where measurement was again begun. The wheel measures
only by being turned clockwise and following measurement is then re
turned to zero by being turned counterclockwise. This was done to each
potential, both positive and negative for each "burst" within a series.
CHAPTER IV
RESULTS AND OBSERVATIONS
All myograms obtained followed a specific sequence of record
ing of 300 micro volts per centimeter of deflection (sensitivity) and
25 millimeters per second paper speed, following calibration of the
EEG preamplifier at one millivolt to equal one centimeter.
Ohmic resistance of electrode preparation was determined. In
a series of experimental procedure values down to a constancy 5, 000
ohms were obtained (see Table l). (The unit of electrical resistance.
The international ohm is the resistance of a column of mercury at 0° C, ,
106, 3 cm, long with a Constant cross sectional area (l sq, mm, ) hav
ing a mass of 14, 521 gms, ; roughly the resistance of a copper wire 50
meters long and 1 mm, in diameter,
All bioelectric phenomena have basically five characteristics of
measurable consideration:
Amplitude-Point Deviation either positive (above baseline) or
negative (below baseline) from zero (baseline).
Duration - time utilized for an electrical potential phenomena to
express itself and return to resting potential.
Frequency - number of point deviations noted in any bioelectric
phenomena.
Pattern - the replication of the three previous activities.
Wave form - the linear form assumed by the bioelectric input
and expressed by the ink writing oscillograph.
Biological activity is partially expressed in electrical energy.
This electrical activity can be picked up and amplified to measurable
quantities utilizing electronic equipment. With the calibration of the
Polygraph to known quantities of electrical activity necessary to acti
vate the pen writer,
" 25
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After the experimental sequence was concluded and the randomly
selected observations were bracketed, the "bursts'^ of muscular activ
ity were measured by observer one and two.
Tables II, III, IV, V, and VI display the measured observations
of the random samples for each patient and the muscle and treatment
under which it was influenced.
The rows from left to right show the measurements for an indi
vidual muscle as recorded by both observer one and observer two.
These are divided into chewing ten times hard A and B series and chew
ing gum three times left and three times right. A and B series meas
urement of chewing three times right and three times left was randomly
selected and measured on the side of chewing the bolus of gum.
The columns from left to right are in the order the experiment
was carried out: normal, . 003 shim, shim removed, mandibular block,
(see Figure 6) . 003 shim and shim removed. One and two are obser
vers one and two.
Statistical Table VII part A is a *'t" test for paired comparisons
and analyzed the difference between the two observers in measuring
each randomly selected observation in a series and was found to be very
highly significant.
■  ■ ' . . , ( • ■
Part B lists the observations measured in total inches for obser
ver one of 22, 218 inches and observer two of 21, 737 inches. These
inches figures were then divided by the observations of each observer,
480, to obtain the average distance for each observation and was found
to be 4.628 for observer one, and 4. 529 for observer two. These fig
ures were rounded to tenths of an inch to correlate with the accuracy of
the map measurer. The measured average of each observation for
observer one was then 4.6 inches, and for observer two, 4. 5 inches
with an average difference between observers of 0. 1 inch per 4. 5 to
4. 6 inches of measurement.
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TABLE n
MEASUREMENTS OF RANDOM SAMPLES BY TWO OBSERVERS
Subject 1
A 10 X N S R B S R
L obs 1 2 1 2 1 2 1 2 1 2 1 2
T 4.0 4.0 2.7 2.7 3.2 3.1 2.4 2.3 2.1 2.1 2.5 2.6
M 3.3 3.4 3.0 3.1 3.0 3.0 2.0 2.4 2.0 2.3 2.6 2.7
R M 5.5 5.3 4.1 4.1 4.5 4.6 3.2 3.2 3.0 3.0 3.1 3.1
T 6.2 7.2 5.1 5.1 5.0 4.8 2.9 2.9 3.6 3.6 3.5 3.1
B 10 X
L
T 4.0 3.7 4.6 4.9 1.5 1.7 1.4 1.5 3.3 3.5 2.4 2.7
M 2.9 2.4 3.6 3.8 2.1 2.1 1.8 1.9 2.5 2.6 2.4 2.7
R M 3.7 3.6 5.3 5.4 3.1 3.0 1.7 1.6 3.4 3.7 3,5 3.4
T 4.6 4.0 5.6 5.0 3.6 3.3 2.0 1.8 3.5 3.3 3.2 3.4
A 3 X
L
T 2.5 2.4 3.4 3.4 2.9 2.7 3.1 3.0 1.6 1.7 1.7 1.7
M 2.7 2.7 2.6 2.4 2.5 3.1 2.0 2.1 1.0 1.1 1.5 1.6
R M 3.4 3.9 4.3 4.0 3.6 3.2 4.1 4.0 2.1 2.1 3.0 2.9
T 2.4 2.4 3.6 3.5 3.1 3.2 3.5 3.5 3.0 3.1 2,8 3,1
B 3 X
L
T 2.0 2.1 2.0 2.0 2.1 1.9 2.8 2.5 2.3 2.0 1.6 1,6.
M 2.1 2.1 2.2 2.2 2.0 2.1 2.4 2.6 1.4 1.2 1,9 2.0
R M 2.8 2.8 2.9 3.0 2.4 2.5 3.1 3.0 1.7 1,9 3,4 3.7
T 2.6 2.6 2.6 2.6 2.9 2.9 2.9 3.0 1.5 1.4 2.6 2.8
10 X - ten times biting hard (one burst) -- each muscle.
3 X - 3 times chewing - right reciprocating to left.
T  - temporalis N - normal
M  - masseter S - shim
L  - left R - removed
R  - right B - mandibular block
TABLE III




A 10 X N S R B S R
L 1 2 1 2 1 2 1 2 1 2 1 2-
T . 9.0 8.9 5.6 5.4 6.6 6.6 5.5 5.3 5.4 3.6 4.5 4.5
M 1.8 2.4 2.1 2.2 2.7 2.5 2.2 2.2 2.1 1.7 1.5 1,7
R M 6.2 6.2 4.0 3.9 4.9 5.0 4.5 4.5 3.6 3.2 5.0 4.5
T 5.0 5.8 6.4 6.2 7.2 7.4 6.3 6.3 4,9 4.5 5,5 5.5
B 10 X
L
T 9.7 9.0 4.0 4.0 4.0 4.0 4.0 4.3 5.4 4.7 4.5 4.4
M 2.1 2.1 2.0 1.8 1.8 1.6 2.0 1.9 2,2 1.6 2.0 2.0
R M 5.8 5.8 3.6 3.4 3.1 3.0 3.7 3.5 3.7 3.4 3.4 3.6
T 6.5 6.5 4.6 4.7 4.3 4.1 5.5 5.3 6.4 5.7 5.0 5.1
A 3 X
L
T 5.1 5.8 5.5 5.5 5.6 5.4 6.2 5.9 4.1 3.9 3.9 3.7
M 2.5 2.4 2.4 2.3 2.4 2.5 2.8 2.8 2.0 2.0 1.7 1.3
R M 6.1 6.1 5.9 5.8 4.0 4.1 5.6 5.4 5.2 5.6 3.1 3.0
T 8.1 8.7 7.4 7.4 7.1 7.0 9,8 9.5 5.1 5.0 4.1 4.0
B
L
T 5.0 4.8 4.0 4.0 6.7 6.2 5.0 4.0 4.4 4.3 3.7 3.7
M 3.4 3.2 2.0 1.8 2.4 2.0 2,3 2.0 2.0 2.1 1.6 1.4
R M 5.2 5.0 3.9 4.2 4.2 3.8 3.3 3.3 4.1 4.1 2,8 2.8
T 6.5 6.6 5.4 5.2 5.4 5.4 4.8 4.0 4.8 4.6 4.0 3.9
TABLE IV
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MEASUREMENT OF RANDOM SAMPLES
BY TWO OBSERVERS
Subject 3
A 10 X N S R B S R
L obs 1 2 1 2 1 2 1 2 1 2 1 2
T 10.8 11.0 7.4 7.4 6.1 6.1 6.9 6.4 8.0 7.2 6.8 6.8
M 5.9 6.0 2.8 2.9 4.7 4.9 4.5 4.5 5.4 5.7 3.7 3.6
R M 8.0 7,5 5.4 5.2 5.6 5.3 7.0 6.9 7.4 6.4 4.4 4.4
T 10.0 9.7 4.5 4.5 6.0 6.0 7.2 7.4 7.0 7.2 4.8 5.3
B 10 X
L
T 7.3 7.6 6.7 6.5 8.0 8.0 5.7 5,7 6.9 5.9 7.1 6.3
M 3.5 3.5 2.1 2.3 3.6 4.0 3.8 3.6 3.0 2.9 5.5 5.1
R M 6.5 6.4 5.5 5.3 7.7 7.5 6.0 6.0 6.9 6.9 5.7 5.9
T 7.8 6.8 5.7 5.7 8.5 9.1 6.0 6.0 6.9 6.9 5.7 5.9
A 3 X
L
T 6.8 6.8 9.1 8.3 6.2 5.9 8.0 7.6 5.6 5.7 5.1 5.0
M 7.0 7.0 7.0 7.0 7.9 7.5 6.1 6.1 4.5 4.6 4.3 4.6
R M 7.9 7.7 8.5 8.2 5.9 6.1 7.4 6.8 4.7 4.9 4.4 4.1
T 7.4 7.2 7.3 7.2 9.5 9.6 9.0 9.0 5.6 7.0 6.4 6.5
B
L
T 7,1 7.5 6.0 5.6 6.9 6.7 5.8 5.6 2.0 2.0 5.4 5.2
M 6.5 6.2 5.8 5.6 6.3 6.3 5.1 5.1 1.3 1.1 5.5 5.5
R M 5o4 5.0 8.0 7.0 6.0 6.4 6.5 6.3 2.5 1.6 6.1 5.8
T 6.4 6.2 8.9 8.5 9.0 8.0 7.4 7.4 2.8 2.9 10.4 9.6
Subject 4
TABLE V
MEASUREMENT OF RANDOM SAMPLES
BY TWO OBSERVERS
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A 10 X N S R B S R
L obs 1 2 1 2 1 2 1 2 1 2 1 2
T 5.4 5.0 5.5 6.1 3.8 4.0 5.5 5.6 5.5 5.4 4.8 4.6
M 1.9 1.9 3.5 3.6 1,4 1.6 1.7 1.7 1.6 1.8 2.0 2.0
R M 3.1 3.1 3.5 3.5 2.0 2.0 3.5 3.5 2.8 2.8 2.3 2.3
T 5.5 5.5 7.1 7.3 5.6 5.7 7.1 7.0 5.0 5,1 6.0 5.9
B 10 X
L
T 6.8 7.2 4.9 4.4 4.2 4.3 5.0 4.6 6.4 6.0 3.6 3.8
M 2.9 3,0 2.6 2.2 2.4 1.8 2.0 2.0 2.4 2.0 2.0 1.2
R M 4.4 4.4 2.4 1.8 2.8 2.6 3.0 2.4 3.2 3.2 2.0 2.0
T 5.8 6.2 5.2 5.4 5.6 5.6 5.4 5.4 4.9 5.1 5.0 5.2
A 3 X
L
T 4.0 4.1 3.1 3.1 4.0 4.4 8.4 8.3 5.5 5.2 6.0 6.0
A M 1.7 2.0 1.6 1.6 1.0 1.0 2.1 2.1 1.6 1.6 1.6 1.6
R M 2.6 2.5 2.1 2.3 2.1 2.2 2.6 2.6 2.3 2.3 3.5 3.1
T 2.9 3.0 4.0 4.1 4.8 4.9 6.1 6.1 4.6 4.8 5.5 5.6
B
L
T 4.6 4.5 6.8 6.9 6.4 6.4 5.5 5.5 4.6 4.9 5.6 5.7
M 3.0 3.2 3.5 3.3 3.5 3.3 2.5 2.1 1.7 1.7 3.1 2.6
R M 3.4 3.4 3.0 3.0 3.4 3.0 2.6 2.0 2.3 2.3 2.5 2.5
T 5.0 4.8 5.9 5.9 5.7 5.7 6.4 6.4 5.8 5.6 5.0 5.2
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TABLE VI
MEASUREMENT OF RANDOM SAMPLES
BY TWO OBSERVERS
Subject 5
A 10 X N S R B S R
L obs 1 2 1 2 1 2 1 2 1 2 1 2
T 15.6 14.9 13.0 12.5 19.0 19.0 11.5 11.5 9.0 8.6 6.4 6.6
M 3.5 3.6 3.9 4.2 5.2 5.4 2.9 2.5 2.5 2.6 1.8 1.6
R M 7.6 8.0 5.9 5.5 7.9 8.4 3.5 3.8 3.5 3.5 3.0 3.5
T 14.0 14.0 13.1 12.4 19.9 19.9 9.8 10.5 6.9 7.2 6.5 6.8
B 10 X
L
T 15.7 15.0 13.3 12.4 12.8 12.8 13.5 12.5 10.8 10.4 7.5 7.7
M 3.6 3.8 5.8 5.7 3.3 3.5 4,. 4 4.7 2.7 2.6 2.5 2.7
R M 7.7 8.1 8.3 8.2 5.9 6.1 7.2 7.0 4.5 5.0 4.0 4.1
T 14.2 14.0 13.8 13.8 13.5 13.5 12.4 13.0 10.1 10.5 8.5 8.5
A 3 X
L
T 13.9 14.6 4.4 4.5 3.3 3.6 3.3 3.4 2.7 2.9 1.9 2.1
M 2.5 2.8 1.6 2.0 1.0 1.1 1.4 1.5 1.3 1.4 .6 .8
R M 2.9 2.8 1.6 1.7 2.2 2.1 1.1 1.1 1.6 1.5 1.0 1.0
T 14.1 14.2 2.3 2.6 1.7 1.5 ,2.1 2.0 2.3 2.1 1.4 1.5
B 10 X
L
T 13.4 2.6 2.6 2.4 3.0 2.8 2.4 2.2 2.0 2ol 2.4 2.4
M 2.6 1.6 1.6 1.6 1.6 1.3 1.4 1.1 1.1 0.9 1.0 .9
R M 2.0 2.0 2.0 2.4 2.0 2.0 1.0 1.1 0.9 1.8 1.9 1.8
T 13.9 2.2 2.2 2,3 2.6 2.8 2.0 2.0 2.1 2.0 2.6 2.5
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TABLE Vn
"t" TEST FOR PAIRED COMPARISONS
Part A
y  = 0.652
Sy = 313
n  = 480
Sy2 = 5166
CF = (313)^/480 = 204.1
SS = 5166 - 204.1 = 4961.9
=  4961.9/479 = 10.36
s2/n = 10.36/480 = .0.216
s2/n = 0.147
t  = 0.652/0.147 = 4o44 Very highly significant
at the .01 level.
Part B
total inches measured Observer 1 - 22, 218
Observer 2 - 21, 737
number of observations Observer 1 - 480
Observer 2 - 480
average distance per observation
Observer 1 - 4.628
Observer 2 - 4.529
Map measurer read to tenths of inch
round to tenths Observer 1 - 4.6
Observer 2 - 4.5
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Table VTTT illustrates the computation of an Analysis of Variance,
split plot design, fixed model.
Number one shows a very highly significant difference between
the experimental subjects in their individual response to treatments.
Number two ANOVA indicates there is no significant difference
between the chewing ten times hard and the chewing gum, three times
right and three times left.
Number three is very highly significant with reference to the
variability of response of each patient's muscles to differing treatments.
Table IX is an Analysis of Variance of the difference between
treatments with a very highly significant difference between treatments
of the muscles of the individual patients.
The five rows of the individual patients are the summated totals
of all muscular activity for a particular treatment (column heading) for
A and B series biting ten times hard and A and B series, biting three
times right and three times left. The individual totals for each patient
are noted in the right column with a range of 747. 7 to 1177. 5 and the
total for all patients within a particular treatment are noted in the bottom
row, column N through R. Below this means of treatment totals are
listed.
A preliminary evaluation of seven patients during the summer of
1964 was undertaken in which shimming procedures of various durations
were undertaken. Interim periods from ten minutes to twenty hours were
observed to determine enhancement phenomena. Enhancement as de
scribed by French ever an inconsistent subjective finding. In no instance
could it be considered to reach control levels in amplitude response.
The premise as stated by French was then utilized as a basis
for further investigation.
"Although the enhancement phenomena takes place after the
muscles have adapted, if adaption is not complete, enhancement is
noted only as an amplitude increase over levels recorded before the








































































N S R B S R S
Totalled
En 226.5 197.9 215.3 202.0 155.9 179.9 1177.5
Fr 177.3 136.3 143.0 143.7 124.4 111.4 836.1
Hie 271.4 189.6 208.5 159.5 129.8 109.5 1068.3
G1 109.3 114.8 94.7 82.6 76.6 84.8 562.8








767.8 778.7 725.0 604.7 604.9




























The following list are some general observations and trends
noted on a subjective basis.
1. The four muscles under observation produced amplitude peaks
synchronously with muscular contraction and exhibited a uniformity in
duration and frequency.
2. Variation in amplitude occurred between treatments and
muscle groups. The temporalis amplitude activity generally exceeding
that of the masseter.
3. At 300 micro volts per centimeter of sensitivity, resting
EMG of all muscle groups were of small amplitude and low frequency.
4. Bursts of muscular activity showed amplitude variations of
nonperiodic sequence.
5. Wave form of "bursts'* were generally compact.
6. Three of the subjects displayed a peaking of amplitude within
bursts of muscular activity following shim insertions. This peaking was
either unidirectional or bidirectional and was accompanied by a diminu
tion of frequency. One subject's wave form demonstrated negative and
positive reciprocation with respect to baseline.
7. All subjects showed a decrease in both amplitude and fre
quency of resting tonus on the side which was anesthetized.
CHAPTER V
DISCUSSION
An experimental sequence from normal to shimming, removal
of shim, mandibular block, shim inserted, shim removed, was institu
ted to discover if these treatments caused variations in amplitude, fre
quency and duration of muscular activity. This tested the hypothesis
that an interference in occlusion, upon removal will cause an enhance
ment or an increased amplification of muscular activity as compared
with prior amplitudes. A shim of . 003 inch thickness was chosen as a
proximal separator which is analgous to an orthodontic force, as it
causes the teeth to move in opposite directions. The periodontal
stretch so engendered is dependent upon the degree, the direction and
the duration of the force which initiates the compression. This pro
cedure acts rapidly in a short period of time and is therefore similar
to a typical orthodontic force. This alters the occlusal relationship of
the teeth and may in turn reflexly alter muscular behavior through the
medium of proprioceptive impulses initiating in proprioceptive end
organs, which pass upward to the mesencephalic nucleus of the fifth.
From here they either pass to higher centers in the cortex, the somates-
thetic area, or reflexly pass directly to the motor nucleus of the fifth
ganglion where it inhibits motor activity and thus results in a decreased
stimulus to the muscles of mastication with a resultant decrease in
force. This effect then may act on a reflex basis. Shimming may en
gender changes in the periodontal ligament, which will in turn effect
the afferent nerve endings which are primarily proprioceptive, and also
pain and pressure end organs. The proprioceptive activity in reflex
and functional movements of the mandible were described by Sherring-
ton (1917) and Cor bin and Harrison (1940).
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It was determined to randomly select one burst of muscular
activity from each treatment sequence which was then in turn measured
by two observers at different periods of time. The reason for randomly
selecting these observations is defined in the paragraph on randomiza
tion by Steele and Torrie. The sequence of normal, shim inserted,
shim removed, mandibular block, shim inserted and shim removed was
chosen to determine the experimental effects of these treatments upon
muscular activity. Two sequences, A and B, were used, the A series
being obtained immediately upon the initiation of the treatment, and the
B series following the completion of the A series in ten minutes.
Table VI, The "t" Test for Paired Comparisons, concludes that
there was a very highly significant difference between observer 1 and
observer 2 in the measurement of the amplitudes, significant difference
here connoting that the average performance of each observer was not
equal. Very highly significant in this case refers to the observation
that the difference would occur by chance less than . 005 or that the
probability of occurrence by chance would be less than . 005 in one.
This computation was done at the . 01 level of significance which is a
very specific test for any error that might be made between the obser
vers. Although a very highly significant difference was shown at the
. 01 level, error rate, part B illustrates the actual distance in tenths of
inches. This was done by computing the total number of inches meas
ured by each observer and dividing by 480, the number of observations
made by each observer to obtain the average number of inches measured
per observer. This figure was then roiuided to tenths of inches which in
fact indicated only one-tenth of an inch difference in measurements
between each observer for every 4. 5 to 4. 6 inches of measured activity.
This average, as is any average, is characteristic of the group
and may not truly reflect the discrepancy. One source of error may
then be intrinsic variation in the observer.
The average measurement that the observers made equals 4. 55
inches, this divided into one tenth of an inch, or the difference between
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the two average observations of each observer gives the percentage
error of observation between the two observers and is Z, 2 per cent.
It is presumed that this error in large part is due to the slow
ness of the paper speed with the resultant tracing being too close to
gether in frequency deviations. If the paper speed had been increased
to 30 millimeters per second, more spacing would have occurred be
tween frequency deviations with a resultant myogram of greater clarity
and one which could have been traced (measured) more accurately. It
was only with those tracings where the deviations were close together
due to excessive ink flow and slow paper speed that great variations in
measured length occurred. If this method of measurement is to be
utilized in the future it is recommended to increase paper speed to at
least 30 millimeters per second. It will be noted that where tracings
were clearly scribed, little if any variation in measurement occurred
between operators.
Student^ s ̂ 't^' was chosen as the principle test criterion in test
ing the hypothesis concerning two population means. This test of sig
nificance in demonstrating the deviation of a sample mean from the
population mean as measured in units of standard deviation of the mean.
The level of significance is for the average proportion of incorrect
statements made when the null hypothesis is true. If a more discrep
ant value of the test criterion than that obtained is likely to occur, less
than one per cent of the time when the null hypothesis is true, the dif
ference is said to be highly significant, and the same value of the test
criterion is marked with three asterisks.
The **t'* test is a precise test and it would be expected that there
would be a difference between observers, but in evaluating the means
there is only a slight difference in the practical utilization of this measur
ing device.
In the practical utilization of this me asuring device either one
observer should be utilized and comparisons then made relative to the
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measurements of one observer, or if two observers are utilized the two
measurements should be averaged and comparisons made on average
observations between treatments. In addition, if two observers are
measuring they should not interchange and measure merely components,
but each measure all selected observations which would then be averaged.
Table VIII, Analysis of Variance. The analysis of variance is an
extension of the "f* test. This is a procedure for partitioning variation
into specified components associated with different sources of variation.
ANOVA refers to analysis of variations due to different sources, refer
encing both the muscles and the treatments. The split plot design means
that the main effects are confounded, i.e. , the whole plot or the people
are split into chewing three times and ten times and these are again
split into four plots, i. e. , the four muscles. It is then possible to ana
lyze specifics within a plot (persons). The data, statements and con
clusions are about the treatments made and not generally applicable,
for example, to another muscle group or to another experimental sub
ject. Calculations involved are routine as evidenced by procedures in
Steele and Torrie. The primary discrepancy in this analysis of vari
ance is that the sequence of treatments should have been randomized to
satisfy one of the basic assumptions of ANOVA, which is a randomized
design. We do not know whether the treatment caused the effect for a
particular observatior^ or the previous two treatments were partly
responsible. If the experimental results are to gain greater represen
tation of a population, the sequence should be randomized. The best
procedure is to initially plan the experimental sequence in association
with a statistician if statistics are to be used in analyzing data.
The ANOVA Table VIII, Part A, indicates a very highly signifi
cant difference between patients and their response to the different
treatments. The patients chosen for study were either junior or sen
ior dental students and the sample was therefore biased to the extent
of each patient being knowledgeable about the equipment and the regis
tration of their occlusal activity. It is possible that more cerebration
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entered the determination of activity than would originate from a patient
vinfamiliar with the equipment. Some aspects of the experimental pro
cedures may then have been influenced by psychic components which may
be classified as behavioral with respect to prior training and knowledge.
This variation may not be noticed in the general population.
Table VIII, Part B, ANOVA between chewing ten times hard and
chewing three times right and three times left resulted in an F value of
1. 21 or no significant difference between the two sequences. If we are
to presume more cortical activity or control on the sequence of chewing
ten times hard as opposed to the more reflexive chewing of gum it was
not made apparent statistically. The muscular activity remains rela
tively constant, whether closing the teeth together hard in centric or in
the masticatory cycle.
Table VIII, Part C 1. shows a very highly significant difference
in the reaction of muscles to treatments indicating that effect on muscu
lar activity or different treatments varied between patients. This indi
cates that the response of muscular activity to differing treatments is
highly individualized and varies from patient to patient. The average
response of the muscles to treatments varied between treatments.
We assume that this variation is then due to patient variability
because of treatment constancy maintained; thickness of shim, depth of
analgesis produced by xylocaine, electrode contact to skin, calibration
constancy of the polygraph and the small error due to measurement
variations.
Table VIII, Part C 2, indicates a significant difference in the
way muscles of the patients responded to the same treatment. The
pattern for one individual is different from that in another.
Table VIII, Part C 3. demonstrates the response pattern for
different muscles in two kinds of chewing is not significantly different.
The muscles behave the same way in one kind of chewing as in another.
Table IX is an ANOVA between treatments or muscular activity
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which computes to be very significant. Treatments then affected the
muscles differently on different patients.
The sum muscular activity for all patients totalled during each
treatment indicates that activity was decreased following shimming
which is in accord with what would be expected if the proprioceptive
reflex reduces efferent nerve outflow from the motor nucleus of V to
the muscles of mastication. In turn there was a slight increase follow
ing removal of the shim and is due to presumed reduction of inhibitory
sensation proprioceptively mediated.
Following the left mandibular block the total was decreased
below any of the previous unanesthetized levels. This may be due to
the effect that an anesthetic solution has upon the transmission of ner
vous impulses both from the area anesthetized and to the muscles of
mastication. The nerve is incapable of transmitting an impulse for a
short period of time. The prevention of impulse transmission may be
both electrical and chemical in nature, chemically transmitted at syn
apse and electrically transmitted by the neuron. The nerve conducting
an impulse from the CNS (motor nerve), may be impeded by the anes
thetic solution both during neuronal transmission and at its junction with
the muscle fiber, nerve and muscle fiber together forming a motor unit.
Local anesthetics block conduction along nerves, both sensory to the
CNS as well as motor fibers from CNS to muscle.
Following the insertion of a shim and after the mandibular block
a further reduction in total amplitude was noted. This would be in con
currence with the mechanism by which the mesencephalic nucleus of
five inhibits the motor activity of the motor nucleus of the fifth nerve.
In combination with this may be a reduced activity of the neuronal stimu
lation to muscles of mastication via the motor unit. On removal of the
shim in the anesthetized state there was only a very slight increased
amplification from the shimmed amplitude. This may indicate that the
efferent motor flow to the muscles of mastication has been reduced by
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the anesthesia to a point it does not activate motor circuits to the nor
mal extent, although mesencephalic inhibition has been decreased.
In Table IX under individual totals it is noted that a range of
747.7 to 1177. 5 is found and indicates a wide range between individuals
in total amplitude response to the same sequence and procedure of
treatment. We must assume this range to reflect a natural distribu
tion and variation of muscular activity between individuals.
Figure 7 is a graphic representation of Table IX with reference
to totals of measured activity in each treatment of each patient. Column
N indicates the range of normal contraction activity from 109. 3 to 271. 4.
The mean is 182. 3. Upon shimming three subjects showed a diminution
of muscular activity and two showed a slight increase. The mean was
reduced from normal. Shim removal demonstrated an increase in
three subjects and a decrease in two. The mean increased slightly from
the shimming observation to the removed.
After the left mandibular block three decreased, one remained
the same as the previous treatment (shim removed), as did the mean,
and one increased. All subjects decreased following the mandibular
block and shimming as did the mean.
Upon shim removal in the blocked subjects three increased from
previously shimmed amplitudes, one only slightly, and two decreased.
The mean increased slightly.
Figure 7 diagrammatically represents the total muscular activ
ity for each patient at each treatment. The wide range of amplitudes
is indicated in the normal recording. Upon shimming three of the indi
viduals indicated a decrease in amplitude which might be expected by
the normal proprioceptive reflex inhibition from mesencephalic nucleus
to the motor nucleus of five. Two individuals, however, displayed a
slightly increased amplitude as a result of shimming. This may be
explained on the basis that in addition to the reflex inhibition from mesen
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Figure 7. Treatments. Total Muscular Activity each Treatment,
Legend. 1-5 Order of best to poorest occlusion of individuals within
group. Ordinate numbers - Total muscular activity measured in inches.
Abscissa - Treatment Sequence - N - normal, S - shim, R - removed,
B - mcindibular block, R - removed.
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the somatesthetic area of the cerebral cortex. Here correlation may
have taken place, the patient consciously occluding at a higher ampli
tude to overcome the obstacle which had been placed between the teeth
as an interference to normal occlusion. On shim removal, three of the
subjects exhibited an increased amplitude as might be expected upon
removal of an obstacle between normal occlusion, and therefore have
returned to normal muscular activity. However, the two subjects that
had previously exhibited an increased amplitude following the shimming
response showed a decrease of amplitude upon shim removal. This re
action may in turn be under the conscibus control of the two experimen
tal subjects, indicating that upon removal of an obstacle, it was no
longer needed to compensate by an increased amplitude to obtain closure
and so they actually decreased the force of their bite. Following the
mandibular block all showed a decreased amplitude except one, which
increased from the previous recording, and One which remained at the
same level. This reduction may be due to the influence that the anes
thetic solution has upon the motor neuron flow to the muscles of masti
cation, which is in effect inhibitory to the normal neuronal flow. The
one patient exhibiting an increased amplification over the previously
removed total may be making a conscious effort to close until a normal
sensory reception was received. It may have required a stimulus of an
increased force to elicit a feeling of normalcy for this patient. Follow
ing the insertion of the shim, a reduction of amplitude was noted in all
patients. This may be due to the normal proprioceptive reflex protect
ive mechanism in operation. Following shim removal three individuals
showed an increased amplitude as would be expected following the re
moval of an inhibition of mastica:tion. While two subjects showed a
further decline in total amplitude, this may be due to the fact that the
patients on a sensory basis felt no further need to forcibly bite past the
obstacle which had previously been placed between the teeth.
In further evaluating Figure 7 following the normal series and
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after shim insertion, a reduction in biting force would be expected due
to proprioceptive inhibition to the motor nucleus of V via the mesence-
phalic nucleus. This inhibition would initiate primarily from the pro-
prioceptors of the periodontal ligaments surrounding the maxillary
teeth since no maxillary anesthetic block was given and secondarily
from the proprioceptors within the masticating muscles.
Two subjects responded conver sely with a slight increased mag
nitude of muscular activity. It is possible that in these two cases that
the shim produced a more favorable occlusion while in the other three
there was an interference to the occlusion. The five subjects were
graded in order from best to poorest occlusion and the patient demon
strating increased amplification upon shimming had the relatively
poorest occlusion. This could be a reflection of the relative importance
that the muscle and periodontal receptors have to one another in their
inhibition or facilitation of muscular activity.
Following the removal of the shim three subjects exhibited an
^'enhancement'^ of muscular response as would be expected following
the removal of propr ioceptive inhibition. The other two displayed a
diminution of contractile force which would correlate with the theoreti
cal postulation that a return to a less favorable occlusion was the resul
tant. This reduced force would then be protective to the anatomic struc
tures and their integrity in the presence of adverse occlusal forces.
Following the mandibular block three subjects' response dimin
ished. This would be expected if the motor neuron efferent conduction
was inhibited by the anesthetic solution. One subject's amplitude
remained the same as the previous level when the shim had been re
moved, and presumably the anesthesia had no effect upon the response.
The fifth subject showed an increase in opposition to the remaining four.
If we are still to consider this subject's occlusal efficiency as less
during normal occlusion than when shimmed, and then reduced again
upon shim removal, it is possible the mandibular injection prevents the
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mandibular proprioceptive "feedback" vdiich was inhibitory to the motor
nucleus and therefore an increased response resulted.
After the mandibular block and upon shimming all subjects dis
played a decrease below previous levels in conformity with the reduc
tion of motor effect because of both proprioceptive and neuronal inhibi
tion. It may be noted that the subject displaying amplification following
the block was reduced upon shimming but remained above the level
noted upon unanesthetized removal of the shim. This may indicate that
although motor innervation stimuli were reduced because of anesthesia
the concomitant reduction of proprioceptive inflow was reduced and
maintained an activity level above the previous shim removed level.
Upon shim removal in the anesthetized subjects, three increased
from the previous shimmed observations as would be expected following
the removal of an interproximal interference. The remaining two demon
strated an almost linear regression which may be due to an increasing
depth of anesthesia and its resultant effect upon the motor neurons in
reducing neuromuscular activation.
This reduction of muscular amplitude may be due to:
1. A reduction in the number of contracting motor units because
of reduced efferent stimulation due to anesthesia.
2. A reduced frequency of contractions from a reduction of
motor unit impulses.
3. A disturbance of synchrony among contracting units because
of altered sensation due to anesthesia.
The mean amplitudes reflected a decrease upon shimming, a slight
increase upon shim removal, a decrease after mandibular block, a further
dedrease after shimming, and a slight increase upon removal. These
observations would concur with expected reactions of proprioceptive in
hibition, facilitation and neuromuscular diminution after anesthesia.
CHAPTER VI
SUMMARY AND CONCLUSIONS
In this study a further evaluation electromyographically of the
'^enhancement" phenomena was undertaken, utilizing a sequence of
treatments designed to alter the proprioceptive afferent nerve activity.
An initial evaluation of seven subjects to shimming procedures
from ten minutes to twenty hours was undertaken to determine if post
shim amplitudes were increased. After subjective evaluation no sig
nificant variations were noted.
A series of ohmic resistance experiments were evaluated using
an ohm meter to determine techniques for reduction of electric resis
tance to a value of 5000 ohms,
A second experimental procedure was instituted in a specific
sequence, capable of being analyzed statistically to determine muscular
response to different treatments.
Following a random selection of observations of each treatment,
these were measured with a map measurer by two observers to obtain
objective, quantitative values.
The values obtained from five subjects were then statistically
analyzed with the following results:
1. A. ANOVA (Analysis of variance) indicated a very highly
significant difference in the response of the patients to different treat
ments.
B. No significant difference was noted on the response
pattern of muscles between chewing ten times hard and chewing three
times right and three times left.
C. There was a very highly significant difference between
muscles' reactions to all treatments.
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D. A significant difference in the muscular response of an
individual to the same treatment.
E. There was no significant difference in the response
pattern of one kind of chewing as compared to another.
F. Treatments affected muscles differently on different
patients to a very significant extent.
G. A wide range of muscular activity is noted between
patients although treatments and sequence are the same.
2. The analysis of a graph representing total muscular activity
of each subject during each treatment indicated the individuality of re
sponse. The mean of each observation indicated however, the presumed
physiologic response to the treatments.
3. Anesthesia reduced amplitude and frequency in myograms
from resting temporalis and masseter muscles.
4. Anesthesia resulted in altered myogram response in all sub
jects indicating the presence of a feedback mechanism involved in masti
cation. The direction and magnitude of the change is highly variable.
Further study is indicated with particular emphasis on control
ling movement in occlusion, psychic state and testing sequency.
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ABSTRACT
Mandibular resting posture is the positional expression of cranial-
facial morphology and the myotatic reflex of its contiguous musculature.
Alteration of sensory input to the main sensory, mesencephalic and
motor nucleus of the Fifth nerve in a myotalic reflex system, theoreti
cally should result in changes or alteration in motor response.
The purpose of this study was then to examine post interference
phenomena as noted by amplitude variations within muscles during cen
tric occlusion and cyclic chewing and to block its expression via man
dibular nerve anesthesia.
A Faraday cage was utilized to completely enclose the experimen
tal subject and a 5P5 polygraph was used to conduct, amplify and record
the bioelectric potentials elicited from the contracting muscles.
Electrodes of the surface type, silver disc, monopolar, were
attached to the middle belly of temporalis and the masseter muscles
bilaterally.
An experimental sequence from normal to shimming, removal of
shim, mandibular block, shim inserted, shim removed, was instituted
to discover if these treatments caused variations in amplitude, fre
quency and duration of muscular activity. This tested the hypothesis
that an interference in occlusion, upon removal will cause an enhance
ment or an increased amplification of muscular activity as compared
with prior amplitudes. A shim of . 003 inch thickness was chosen as a
proximal separator which is analgous to an orthodontic force, as it
causes the teeth to move in opposite directions.
Following a random selection of observations of each treatment,
these were measured with a map measurer by two observers to obtain
objective, qtiantitative values.
The values obtained were statistically analyzed using an Analysis
of variance with the following results:
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A very highly significant difference in the response of subjects
and muscles to different treatments, and of the muscles of an individual
to the same treatment. There was no significant difference in the re
sponse pattern of one kind of chewing as compared with another. A wide
range of muscular activity is noted between patients although treatments
and sequences are the same.
The analysis of a graph representing total muscular activity of
each subject during each treatment indicated the individuality of re
sponse. The mean of each observation indicated, however, the pre
sumed physiologic response to the treatments.
Anesthesia reduced amplitude and frequency in myograms from
resting Temporalis and Masseter muscles.
Anesthesia resulted in altered myogram response in all subjects
indicating the presence of a feedback mechanism involved in mastication.
The direction amd magnitude of the change is highly variable.
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